Journal of Diabetes Investigation Open access 

Official Journal of the Asian Association for the Study of Diabetes 



SHORT REPORT 




Role of insulin receptor substrate-1 for 
diethylnitrosamine plus high-fat diet-induced 
hepatic tumorigenesis in mice 

Khadbaatar Zolzaya, Akinobu Nakamura, Kazuki Tajima, Yasuo TerauchP 

Department of Endocrinology and Metabolism, Graduate School of Medicine, Yokohama City University, Yokohama, Japan 



ABSTRACT 

We investigated tlie role of insulin receptor substrate (Irs)-l for diethylnitrosamine (DEN) 
plus high-fat (HF) diet-induced hepatic tumorigenesis in mice. We gave DEN by intraperi- 
toneal injection at the dose of 80 mg/kg to 18-week-old wild-type (WD and Irsl -knockout 
{lrsr^~) mice, which were fed a HF diet from 8 weeks-of-age until they were killed 
(52 weeks). The lrsr^~ mice showed significantly lower plasma alanine aminotransferase 
levels, triglyceride contents in the liver and also lower expression levels of the genes 
encoding inflammatory cytokines than the WT mice. The incidence of DEN plus HF diet- 
induced hepatic tumors was 71.4% in the WT mice, whereas it was just 14.3% in the 
lrsr^~ mice. The present study showed that Irsl played an important role in DEN plus HF 
diet-induced hepatic tumorigenesis. 
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INTRODUCTION 

Recent epidemiological studies have showed obesity and diabe- 
tes mellitus as independent risk factors for hepatocellular carci- 
noma (HCC)\ Insulin receptor substrate (Irs)-l is a key 
mediator of the signaling events that lie downstream of the 
insulin receptor. Irsl -deficient mice show normal glucose toler- 
ance, peripheral insulin resistance and marked growth retarda- 
tion^^. In our previous study, we showed that Irsl inhibition 
protected against high-fat (HF) diet-induced non-alcoholic ste- 
atohepatitis (NASH) and liver tumorigenesis^. Diethylnitrosam- 
in (DEN) is an organic chemical that is highly toxic and widely 
used in cancer research to induce liver tumors in experimental 
animals. However, it is unclear how Irsl plays a role in DEN- 
initiated hepatic tumorigenesis. In the present study, we investi- 
gated the effect of Irsl on DEN plus HF diet-induced hepatic 
tumorigenesis in mice. 

MATERIALS AND METHODS 

Animals 

Irsl -knockout {Irsr^~) mice were generated as described else- 
where^. We backcrossed these mice with C57B1/6J mice more 
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than 10 times. Male littermates derived fi-om the intercrosses 
were fed standard chow (SC) until 8 weeks-of-age, and then 
shifted to a HF diet throughout the study period until 
52 weeks-of-age. When they were 18 weeks-of-age, they were 
given an intraperitoneal injection of normal saline or DEN 
(80 mg/kg; Sigma- Aldrich, Tokyo, Japan). The mice were 
housed under a 12-h light-dark cycle. The animals were main- 
tained according to standard animal care procedures laid down 
in the institutional guidelines. 

Diet Protocol 

Standard chow (MF; Oriental Yeast Co. Ltd., Tokyo, Japan) 
and a HF diet (High Fat Diet 32; Clea Japan, Inc., Tokyo, 
Japan) were used. The compositions of each of these diets are 
described elsewhere^. 

Measurement of Biochemical Parameters 

Blood glucose was measured by a portable glucometer using Glu- 
test Neo (Sanwa Chemical Co., Nagoya, Japan). Insulin levels 
were determined with an insulin enzyme-linked immunosorbent 
assay kit (Morinaga, Yokohama, Japan). Plasma alanine amino- 
transferase (ALT) was assayed by an enzymatic method (Wako 
Pure Chemical Industries Ltd., Osaka, Japan). The triglyceride 
content in the liver was determined as described elsewhere^. 
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Histopathological Evaluation 

Liver samples were immersion-fixed overnight in 10% formalin 
at 4°C. The tissues were then routinely processed for paraffin 
embedding, and 5-|im sections mounted on glass slides were 
processed for hematoxylin-eosin (HE) staining. 

Ribonucleic Acid Preparation and Real-Time Quantitative 
Polymerase Chain Reaction 

Total ribonucleic acid was prepared fi-om portions of the liver 
using Isogen reagent (NipponGene, Tokyo, Japan), in accor- 
dance with the manufacturer's instructions, and used as the 
starting material for the complementary DNA preparation. Syn- 
thesis of complementary DNA and TaqMan quantitative poly- 
merase chain reaction were carried out according to previously 
described methods^. The relative expression levels were com- 
pared after normalization to the expression level of beta-actin. 

Statistical Analysis 

Results were expressed as means ± SE (n). Differences between 
two groups were analyzed for statistical significance by the Stu- 
dent's ^-test. P < 0.05 was considered to show statistical signifi- 
cance. 

RESULTS 

Metabolic Changes in Irs1~^~ Mice 

The bodyweight of the DEN-treated Irsr^~ mice on HE diet 
was approximately 60% of that of the DEN-treated wild-type 
(WT) mice on a HE diet (Eigure la). However, fed- state blood 
glucose levels were increased in the Irsr^~ mice as compared 
with those in the WT mice after 28 weeks on the HE diet (Eig- 
ure lb). Also, the fasting insulin level was significantly higher 



in the Irsl mice (Eigure Ic). In contrast, the plasma ALT 
level, liver weight and triglyceride content of the liver were sig- 
nificantly lower in the Irsr^~ mice than in the WT mice (Eig- 
ure Id-f). These results showed that DEN-treated Irsr^~ mice 
on HE diet were dramatically protected against HE diet-induced 
hepatic steatosis despite showing hyperglycemia and hyperinsu- 
linemia. 

DEN Plus HF Diet-Induced Tumorigenesis in Irs1~^~ Mice 
Because Irsr^~ mice on a long-term HE diet were protected 
against hepatic steatosis and tumorigenesis in our previous 
study^, we were prompted to evaluate the potential effect of 
Irsl on hepatic tumorigenesis in DEN-treated Irsr^~ mice on 
a HE diet. The incidence of DEN plus HE diet-induced hepa- 
tic tumors in the WT mice was 71.4% (5/7: multiple tumors 
in four mice and a single tumor in one mouse; Eigure 2a). In 
contrast, the incidence in Irsr^~ mice was just 14.3% (1/7: 
single tumor in one mouse; Eigure 2b). Eurthermore, HE 
staining of liver sections from the WT mice showed diffuse 
fat droplets (Eigure 2c), whereas stained liver sections from 
the Irsr^~ mice showed almost normal liver histology (Eig- 
ure 2d). The expression levels of genes encoding inflammatory 
cytokines, such as tumor necrosis factor- ot and monocyte 
chemoattractant protein- 1, were significantly decreased in the 
Irsr^~ mice as compared with those in the WT mice 
(Eigure 2e). 

DISCUSSION 

In the present study, we found that DEN plus HE diet-treated 
Irsr^~ mice were protected from hepatic tumorigenesis as com- 
pared with DEN plus HE diet-treated WT mice. These results 
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Figure 1 | Metabolic changes in tlie dietliylnitrosamine (DEN)-treated lrsl-l<nocl<out {IrsF^') mice on a liigli-fat (HF) diet. Clianges in (a) bodyweiglit 
and (b) fed-state blood glucose levels in the DEN-treated wild-type {WT) and /rs /"^"mice on a HF diet {WT: open triangles, /rs/"^": filled diamonds; 
n = 7). (c) Plasma fasting insulin, (d) plasma alanine aminotransferase, (e) ratio of the liver weight to bodyweight and (f) hepatic triglyceride content 
in the DEN-treated WT and /rs/~^~ mice on a HF diet {WT: open bar, /rs/~^~: filled bar; n = 7). Values are means ± SE. **P < 0.01. 
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Figure 2 | Diethylnitrosamine (DEN) plus high-fat (HP) diet-induced 
tumorigenesis in lrsl-l<nocl<out {lrsr^~) mice. Macroscopic observation 
in the (a) DEN-treated wild-type {WT) and (b) IrsF^' mice on a HP diet. 
(c,d) Histopathological findings of the livers from the (c) wild-type {WT) 
and (d) lrsr^~ mice on hematoxylin-eosin stained sections, (e) The 
messenger ribonucleic acid expression levels of inflammatory cytokine- 
related genes in the two groups of mice (V\^: open bar, IrsF^': filled 
bar, n = 4). Values are means ± SE. < 0.01. MCPl, monocyte 
chemoattractant protein-1; TNP-ot, tumor necrosis factor-a. 



suggest that Irsl might play an important role in DEN plus HF 
diet-induced hepatic tumorigenesis. 

DEN is well-known for its effects of inducing hepatocyte 
DNA damage and mutation^, and a HF diet could promote 
DEN-initiated hepatic tumorigenesis, just like phenobarbitaF'^. 
What was the mechanism by which Irsr^~ mice were protected 
from DEN plus HF diet-induced hepatic tumorigenesis? We 
propose that HF-induced hepatic steatosis and subsequent 
inflammation in the liver could be related to the pathophysiol- 
ogy of this condition. It has been reported that the steatotic 
host microenvironment likely sets the stage for tumor develop- 
ment^, and that the tumor-promoting effect of HF-induced 
obesity in HCC depends, to a large extent, on the low-grade 
inflammatory response it induces, which involves elevated pro- 
duction of tumor-promoting cytokines, such as tumor necrosis 
factor^. Indeed, the present results showed that the triglyceride 
content of the liver was significantly lower in the Irsr^~ mice 
treated with DEN plus HF diet than in the WT mice treated 
with DEN plus HF diet, and that the expression levels of genes 
encoding inflammatory cytokines were significantly decreased 
in the Irsr^~ mice treated with DEN plus HF diet as compared 
with the findings in the WT mice treated with DEN plus HF 
diet. 

Then, why is Irsl the key factor in DEN plus HF diet- 
induced hepatic tumorigenesis? Very recently, we showed that 
Irsr^~ mice fed a HF diet were dramatically protected against 
hepatic steatosis despite exhibiting severe hyperinsulinemia, as 
compared with the WT mice fed the same diet^. From these 
results, we assumed that the protection against hepatic steato- 
sis in the Irsr^~ mice on a HF diet was caused by downregu- 
lation of Irsl -mediated insulin actions in the liver^, as 
persistent Irsl signaling promotes lipogenesis and hepatic stea- 
tosis^^. Thus, we suggest that the protective effect on DEN 
plus HF diet-induced tumorigenesis in Irsr^~ mice is probably 
secondary to the antisteatotic and thereby anti-inflammatory 
effect. 

A limitation of the present study was that it stiU remained 
unclear as to what promotes DEN plus HF diet-induced liver 
tumorigenesis, HF-induced hepatic steatosis or Irsl signaling. 
To eliminate this problem, it might be usefial to evaluate the 
effect of the addition of a hepatopromoter, such as phenobarbi- 
tal. Further study will be required. 
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In conclusion, we showed that Irsr~ mice were protected 
against DEN plus HF diet-induced liver tumorigenesis as com- 
pared with WT mice. The present study showed that Irsl 
played an important role in DEN plus HF diet-induced hepatic 
tumorigenesis. Thus, blockade of Irsl signaling might be an 
effective strategy to prevent hepatic tumorigenesis. 
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